Vacuum metallurgy method is an economically viable and environmentally friendly way for recycling toxic heavy metals from e-waste. For the mixed metallic metals (MMP) obtained from waste printed circuit boards, the vacuum separating steps and related parameters are different and massive. This paper designs the front panel and the related block diagram programming based on Labview software. The explored human-machine interface realizes the convenient and intuitive guiding for vacuum separating metals from various kinds of MMP.
Introduction
Electric and electronic equipments range from large household appliances such as refrigerators and air conditioners, computers and stereo systems, to hand-held digital apparatuses and cell phones. With technological innovation and intense marketing, more and more electric and electronic equipment wastes (e-wastes) are generated with both toxic and valuable materials in them. Printed circuit boards are the core element in all electronic units and contain most of the elements found in the periodic table. The fraction including iron, copper, aluminum, lead and other metals is over 60 %, while pollutants comprise 2.70 % [1, 2] .
For e-waste with very low precious metal concentrations, the existed methods can mostly recover Cu [3] [4] [5] [6] [7] , but the metals with high vapor pressure such as Pb and Cd which are also toxic heavy metals were wasted during traditional smelting. They may enter into aquatic, terrestrial ecosystems and even to the atmosphere [8] [9] [10] [11] .Vacuum metallurgy separation does not need secondary off gas or wastewater treatment compared with the existed ways. It is verified to be an economically viable and environmentally friendly way for recycling toxic heavy metals from e-waste.
For MMP with different components, the separation steps and related main parameters are different and massive. In order to make the vacuum separation operating more easily, this paper designs the human-machine interface for the monitor end based on Labview software. Labview is a fully integrated graphical system design software [17] . It is a graphical programming language, which is different from the traditional language, such as C, C++, and Java. The functions can be provided to customers with various icons, which can be modified or grafted conveniently. Labview also has powerfully visual human-machine interface editor and graphical programming function [18] [19] [20] . This paper adopts Labview to design the front panel and the related block diagram programming based on lots of optimized data. It is applied for separating heavy metals from MMP and can provide the intuitive operation conveniently. This study also supplies the foundation for realizing the vacuum separation automatization.
Materials and methods
This study adopts MMP as experiment materials. MMP is obtained after two-step-crushing and electrostatic separating of WPCBs. The vacuum separation experiments are carried out by a vacuum furnace which has been described in literature [12] . MMP with different components are separated under various experimental conditions. The separation criterion is built after lots of experiments. After optimization of these separating parameters, the human machine interface for vacuum separating and recycling metals from MMP is designed on the basis of Labview.
Results and discussion
Data optimization and input. According to the principle of vacuum metallurgy, MMP with different components could be separated and recovered. The pure metals can be recovered separately and consequently. After lots of experiments, the separating parameters of different particles have been optimized under the guide of the separation criterion [16] . Figure 1 illustrates the vacuum separating process of MMP. In this study, the optimized parameters for various MMP with different components are collected into the block program (which will be illustrated in the subsequent paragraph), including the heating time, the temperature, the vacuum pressure and the total separation times. Fig. 1 The vacuum separation process of mixed metallic particles.
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The front panel design. The aim of the front panel design is to display the optimized data for MMP with different components directly and conveniently. Meanwhile, the dynamic separating process can be simulated. Figure 2 is the designed front panel based on Labview for separating metals from MMP. As shown in Figure 2 , there are mainly two parts. One is the input buttons on the top left corner, which represents different metal components of the MMP. When the specific metal icon is pushed, it means the MMP contain this metal. The other parts are display parts, such as the required heating temperature, vacuum pressure, heating time and the separating steps. Besides, the furnace icon simulates the dynamic vacuum separating processes.
Fig. 2 The designed front panel based on Labview
Block diagram programming. The human-machine interface for separating metals from MMP is programmed based on Labview software. Figure 3 shows the corresponding block diagram program. As shown in Figure3, there are three important points for designing the block diagram. First, the metals are assigned different valuations respectively, which can exactly represent the specific metal and the certain MMP with the corresponding components. Second, the relative display controls are designed, such as thermometer, vacuum pressure meter, timer and so on. These controls are helpful for displaying the parameters on the front panel. While-Circulation is adopted to realize the related parameters displaying, such as the temperature, the vacuum pressure and the current separation time. The counter port shows the completed cycles. The ending condition of designed cycles is determined by choosing true or false through the final condition port. Specially, For-Circulation is adopted to realize the required heating time displaying. Besides, a timer is set here to control the code examination rates. Third, a Boolean control is set in the block program in order to stimulate the dynamic vacuum separating process.
Fig.3 The program block diagram
Application. As shown in Figure 4 , the mixed metallic particles of printed circuit boards were obtained after crushing and electrostatic separating firstly. Secondly, the components of the MMP should be examined. Table 1 shows the exact contents of the contained metals. Then, the metals in the MMP will be separated and recovered under a certain condition. Figure 5 , Cu, Pb, Sn icons have been pushed on the front panel. Then, the block diagram will seek the correct parameters and display them through this human-machine interface. It required one separation step and the heating temperature should be 850 o C, the vacuum pressure should be 1 Pa, the heating time should be 90 mins. The controls on the front panel can give the graphic and digital displays of the required temperature, vacuum pressure and the heating time. The furnace icon will coruscate during the whole separating process and it can stimulate the separating status. Therefore, these parameters can be obtained conveniently and directly through the front panel. Afterwards, Cu, Pb and Sn were all recovered with high efficiencies.
Conclusions
By optimizing parameters for vacuum separating heavy metals from MMP, the front panel and the block diagram programming are designed using Labview software. The explored human-machine interface can provide the convenient and intuitive guide for vacuum separating metals from various kinds of MMP.
